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(54) Device for avoiding backlash in toothed gearing 
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(57) A transmission device for actuating members 
of intake and/or exhaust valves in internal combustion 
engines comprises: an initial driving element (2), con- 
nectable with a mechanical power source (2a); interme- 
diate driving elements (3) mutually interconnected in a 
preestablished transmission sequence starting from the 
initial driving element (2); a final driving element (4) ca- 
pable of being interlocked with valve actuation means 
(4a), operatively connected with at least one intermedi- 
ate driving element; one of the intermediate driving ele- 
ments (3) comprises a main adjusting element (5) kine- 
matically interposed between, and directly or indirectly 
simultaneously active on, the initial driving element (2) 
and the final driving element (4) to keep them in mutual 
timed relationship. 
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Description 

[0001] The present invention relates to atransmission 
device, preferably for actuating members of intake and/ 
or exhaust valves in internal combustion engines. 
[0002] It is known that in internal combustion engines 
opening (and in some particular cases closing too) of 
the intake and/or exhaust valves is driven by appropriate 
members, called timing members, regulating and syn- 
chronizing opening of the suction and/or exhaust ducts 
(by exactly lifting the respective valves); typically, the 
timing gears are based on valve guide members that 
presently generally consist of one or more camshafts 
(suitably shaped and mutually timed depending on the 
performance to be obtained from the engine); it is to be 
noted that camshafts can directly act on the valve stems 
or can cause movement of same through a tappet sys- 
tem; obviously, selection from the different construction 
architectures is carried out based on the cost and per- 
formance requirements to be obtained from the engine. 
[0003] Camshafts cause lift of the valve or valves with 
which they are interlocked, thereby defining succession 
of the typical operating strokes, i.e. inlet, compression, 
combustion and expansion strokes (and even tempo- 
rary superposition of these strokes should this be nec- 
essary, such as in very high performance engines in 
which admission of the charge of fresh air/fuel mixture 
is utilized to push the burnt and expanded gases out of 
the combustion chamber). 

[0004] Operation of these camshafts relies on the en- 
gine itself and consequently part of the work developed 
during combustion is employed to set the camshafts in 
motion; exploitation of this percentage of mechanical 
work is accomplished through appropriate kinematic 
driving mechanisms which are connected at one end to 
the driving shaft and transmit the rotatory motion to the 
valve guide members (which rotatory motion is mediat- 
ed by an appropriate reduction ratio and related to the 
drive shaft motion through a preestablished or varying 
timing). 

[0005] The kinematic chains for transmitting motion 
from the driving shaft to the camshafts are embodied by 
one or more chains, operatively connected to gear- 
wheels, or by a series of belts driving a series of pulleys. 
[0006] In addition to these timing system typologies 
there is also a solution based on defining a kinematic 
mechanism comprising a series of gears mutually con- 
nected with each other; in this case reference is current- 
ly made, at least by those skilled in the art, to a timing 
system consisting of cams guided by gears, and more 
specifically, the kinematic mechanism for transmitting 
motion to the camshafts is called "gear train" or also 
"gear cascade". 

[0007] The last-mentioned timing system typology is 
particularly adapted for high power engines, or at all 
events engines intended to give high rotation speeds 
because it does not showthe drawbacks connected with 
the intrinsic deformability of the previously described el- 



ements fortransmitting motion (chains and belts), which 
lead to an important lack of balance in the nominal en- 
gine timing (thereby imposing an important limit to the 
engine in terms of performance increase); indeed, this 
5 timing system is rather widespread and can be found in 
many modern engines for cars and motorcycles, mount- 
ed on sports motor-vehicles or at all events high-per- 
formance motor-vehicles. 

[0008] At this point it is to be noted that gear cascades 

10 must keep a very high mating accuracy in the most dif- 
ferent use conditions of the engine; therefore, gears 
must be always synchronized, also in case of thermal 
expansions or axial deviations to which they are submit- 
ted by effect of vibrations and/or forces of inertia during 

15 the vehicle running. 

[0009] For the above reason, in timing gear systems 
a series of adjusting gearwheels is generally present, 
said wheels acting on the other gearwheels to bring 
them again in timed relationship. The adjusting wheels 

20 generally consist of a main gear (transmitting motion in 
a steady state) to which a recovery gear is coaxially 
mounted. The recovery gear can rotate on the same ro- 
tation axis of the main gear and is spring linked to the 
latter by a series of springs (interposed between the two 

25 surfaces of the gearwheels themselves) so that if for any 
reason synchronism between the main gear and the fol- 
lowing element in the cascade is lacking or is beyond 
the design tolerances, the inner return action of the 
springs enables the main wheel teeth to be brought 

30 again into contact with those of the substitute wheel in 
the gear chain, so that the phase displacement is elim- 
inated and rotation of the camshaft is brought back to 
correct timing. 

[0010] In spite of the above, it is however to be noted 

35 that the just-described known art has some drawbacks. 
[0011] In fact, since for each mating of gearwheels in 
the gear cascade one of the wheels is required to have 
an adjusting device (since backlashes can be generated 
in each gear pair during operation), the gear cascades 

40 of known type are very bulky, above all at the gears di- 
rectly connected to the camshafts; this is due to the ne- 
cessity to use gearwheels having a diameter adapted to 
house the return springs, and this technical limitation ad- 
versely affects balancing of the rotating masses (exactly 

45 the gears) and compactness of the engine case (the 
last-mentioned problem being particularly important in 
motorcycle engines, since the engine sizes greatly af- 
fect the motorcycle's handling parameters. 
[0012] In addition, due to the necessity to dispose of 

50 a gear provided with an adjusting device for each sub- 
sequent gear, rather long cascades are obtained, which 
will give rise to further bulkiness problems; furthermore 
these cascades are of difficult overhauling and/or serv- 
icing. 

55 [0013] A further problem present in gear cascades of 
known type resides in that, in spite of the presence of 
adjusting devices, gears are planned to operate under 
given thermal conditions (which is determined by friction 
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heating as generated by contact of the teeth of the ro- 
tating wheels and also by the thermal flowfrom the walls 
of the combustion chambers to which the gear cascades 
are usually close); consequently out of the steady oper- 
ating conditions, a backlash can be created by the tol- 
erances between the different components of the kine- 
matic timing system, which will generate noise and pro- 
mote wear of the parts in mutual contact, thereby reduc- 
ing reliability and useful life of the engine itself. 
[0014] In connection with the last-mentioned draw- 
back, it is also to be noted that when timing gear systems 
of known type work under their design temperature, 
backlashes between the gearwheels cause a non neg- 
ligible mechanical noise which can be contained within 
limits by indirect interventions (such as interposition of 
acoustic-insulation walls, for example), which are not al- 
ways possible or suitable. 

[0015] In an attempt to eliminate the just discussed 
drawbacks at least partly, a technical characteristic was 
implemented which consists in "caging" two or more 
gears meshing with each other within a holding structure 
which is practically undeformable with respect to the 
gears themselves, above allfrom athermal point of view 
(in other words, the mutually-in-contact gears are main- 
tained in place by a metal framework having a negligible 
thermal expansion coefficient as compared with that of 
the gears themselves). 

[0016] According to this technique, the holding struc- 
ture avoids backlashes between the gears being creat- 
ed, irrespective of the operating temperature and above 
all the deformations to which the gears can be submitted 
(since the distance between the rotation centres of 
these gears is practically established by the relative ca- 
pability of the holding structure itself of being undeform- 
able). It is to be noted at this pointthatthe holding struc- 
ture can comprise either all the cascade gears or only 
a pair of same; in both cases, the gears comprised in 
the holding structure do not need adjusting wheels. 
[0017] This technical solution too however has some 
drawbacks: first of all the presence of the holding struc- 
ture increases bulkiness of the timing system still more, 
and in addition a greater complexity in the engine case 
construction is made necessary since these engine cas- 
es are to be provided with appropriate housing and lock- 
ing seatings (threaded seatings or locating projections, 
for example) for the structure itself, that generally must 
not be allowed to move freely within the engine. 
[0018] In addition, the holding structure is rather 
heavy (as it is generally made of steel, whereas the 
gears can be made of an aluminium alloy); this fact ad- 
versely affects the general engine architecture which is 
made heavy above all in the case of architectures con- 
templating the presence of several cylinder groups and 
therefore several gear cascades to control the cam- 
shafts of the different groups. 

[0019] A further drawback consists in that generally 
the combination of construction elements of different 
metal materials makes it difficult to foresee possible 



technical deformations: in this particular case, it is to be 
noted that the different constituent materials of the 
"caged" gears and the holding structure lead to a great 
complication in the interface region (i.e. the seatings in 
5 the holding structure in which the gearwheel pins are 
housed), to the detriment of reliability and servicing sim- 
plicity. 

[0020] In the light of the above, it is afundamental aim 
of the present invention to provide a transmission device 
10 for actuating members of intake and/or exhaust valves 
in internal combustion engines capable of substantially 
obviating the mentioned drawbacks. 
[0021] In particular, within the technical aims of the 
present invention there is that of accomplishing a trans- 
15 mission device preferably for actuating members of in- 
take or exhaust valves in internal combustion engines 
adapted to enable an optimal timing of the intake and/ 
or exhaust valves of an internal combustion engine to 
be maintained, irrespective of thethermal conditions, ro- 
20 tation speed, wear or deformation degree of the gears 
of the kinematictiming system, in orderto achieve a high 
engine efficiency and keep this efficiency in time even 
under particularly heavy use conditions (in case of use 
for sports purposes or even competitive purposes, for 
25 example). 

[0022] It is a further aim of the invention to devise a 
transmission device having a simplified structure as 
compared with the embodiments of known type, while 
at the same time offering more reliability and easy ac- 
30 cess for servicing and/or adjustment. 

[0023] The present invention also aims at providing a 
transmission device for timing systems in a reciprocat- 
ing engine which is of reduced bulkiness and in addition 
does not need construction of a particularly complicated 
35 engine case, so that a compact and lightweight engine 
can be obtained and consequently the dynamic qualities 
of the vehicle on which the engine is mounted can be 
increased. 

[0024] It is a still further aim of the present invention 
40 to provide a transmission device for actuating members 
of intake and/or exhaust valves in internal combustion 
engines which is of excellent operation even in terms of 
mechanical noise, above all under work conditions in 
which a particularly low temperature may generate 
45 backlashes between the mutually meshing teeth. 

[0025] Further features and advantages will become 
more apparent from the detailed description of a pre- 
ferred but not exclusive embodiment of a transmission 
device preferably for actuating members of intake and/ 
50 or exhaust valves in internal combustion engines in ac- 
cordance with the invention. This description will betak- 
en hereinafter with reference to the accompanying 
drawings, given by way of non-limiting example, in 
which: 

55 

Fig. 1 is a sectional front view of an element of the 
transmission device in accordance with the present 
invention; 
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Fig. 2 is a diagrammatic front view of a transmission 
device containing the element shown in Fig. 1 ; 
Fig. 3 is a diagrammatic side view of the device in 
Fig. 2; 

Fig. 4 is a diagrammatic front view of an alternative 
embodiment of the device shown in Figs. 2 and 3; 
and 

Fig. 5 is a diagrammatic side view of the device 
shown in Fig. 4. 

[0026] With reference to the drawings, a transmission 
device in accordance with the present invention has 
been generally identified by reference numeral 1 . 
[0027] In accordance with the invention, the transmis- 
sion device essentially consists of a train of gears dis- 
posed in a predetermined transmission sequence and 
mating two by two according to gear ratios selected de- 
pending on current requirements. 
[0028] The device 1 picks up the required mechanical 
energy for operation of the camshafts (or in general the 
actuating members of the valves in the cylinder head) 
through an initial driving element 2 which typically can 
be connected to a mechanical power source 2a (which 
can be the driving shaft). Obviously, connection of this 
initial driving element 2 can be a direct connection, i.e. 
it can be directly fitted on the shaft, or connection can 
take place through an appropriate reduction system (of 
a known type). 

[0029] Going on along the gear cascade, there is a 
predetermined number of intermediate driving elements 
3 which are mutually interconnected (exactly in cas- 
cade) following the mentioned transmission sequence 
starting from the initial driving element 2. Conveniently, 
the transmission sequence (mainly made up of the in- 
termediate driving elements 3) is used to transmit mo- 
tion from the initial driving element 2 and possibly mul- 
tiply the angular rotation speed from the mechanical 
power source 2a by a given factor (in order to achieve 
the desired valve timing). 

[0030] At the end of the gear cascade there is a final 
driving element 4 which is conveniently connected to 
one of the intermediate driving elements 3 (typically the 
last one in the transmission sequence); the final driving 
element can be interlocked with valve actuation means 
4a which conveniently can be embodied by camshafts. 
[0031] Advantageously, the intermediate driving ele- 
ments 3 comprise at least one main adjusting element 
5 which is at a given location in the transmission se- 
quence of the driving elements 3. 
[0032] In particular, the main adjusting element 5 is 
kinematically interposed between the initial driving ele- 
ment 2 and the final driving element 4; advantageously, 
the main adjusting element 5 is simultaneously active 
(either directly or indirectly, depending on the instances 
provided by the present invention) on the initial driving 
element 2 and the final driving element 4 to keep them 
in mutual timed relationship. 

[0033] In more detail, the device in accordance with 



the present invention can provide forthe main adjusting 
element 5 to be directly connected, or in other words 
said element can directly mesh, with the initial driving 
element 2; likewise, the main adjusting element 5 can 
5 be directly connected (still by direct meshing) with the 
final driving element 4. 

[0034] Advantageously, the initial driving element 2, 
final driving element 4, intermediate driving elements 3 
(of which the main adjusting element 5 is part) substan- 

10 tially consist of gearwheels; in accordance with the 
present invention these gearwheels are disposed in 
meshing relationship according to a given transmission 
sequence (starting from the initial driving element 2 
through the intermediate driving elements 3 and until the 

'5 final driving element 4); in this way, motion is duly trans- 
mitted to the valve actuating members, while the main 
adjusting element 5 helps in eliminating possible phase 
displacements resulting from disturbance in the operat- 
ing conditions. 

20 [0035] Conveniently, depending on requirements (for 
instance when engines of a relatively short stroke are 
concerned or engines in which timing gears of great di- 
ameter can be installed), the gear cascade can be mere- 
ly made up of three elements, i.e. the initial driving ele- 
25 ment 2, the main adjusting element 5 and the final driv- 
ing element4 (as viewed from Figs. 2 and 3); in this case 
maintenance of synchronisation, and consequently of 
the correct valve timing, is fully ensured by the main ad- 
justing element 5 which is put in timed relationship with 
30 the initial driving element 2 and in turn exerts an adjust- 
ing action on the final driving element 4. 
[0036] On the contrary, when required by the techni- 
cal/operating characteristics connected with the general 
engine design (for instance, in very-long-stroke engines 
35 or at all events in engines characterized by an important 
vertical extension of the thermal unit and the admission 
and discharge ducts in the head), the gear cascade is 
typically made up of more than three elements: in this 
case, the main adjusting element 5 is indirectly connect- 
40 ed with the final driving element 4 through at least one 
intermediate driving element 3 which isthefollowing one 
in the transmission sequence. Conveniently, the main 
adjusting element 5 can be also indirectly connected 
with the initial driving element 2 through at least one in- 
45 termediate driving element 3 which is the preceding one 
in the transmission sequence, still depending on current 
technical requirements (as can be seen in Figs. 4 and 5). 
[0037] In short, thetransmission device 1 fortransmit- 
ting motion in accordance with the present invention 
50 contemplates different architectures to form the gear 
cascade, in which the main adjusting element 5 is, turn 
by turn, either directly connected with the initial driving 
element 2 and/or the final driving element 4, or indirectly 
connected to said driving elements through interposition 
55 of one or more intermediate driving elements 3 which 
follow and/or precede it along the transmission se- 
quence. 

[0038] As can be viewed from Fig. 1 , the main adjust- 
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ing element 5 first of all comprises a main drive body 5a, 
kinematically connected with a driving elementfollowing 
the main adjusting element 5 in the transmission se- 
quence; in addition, the main drive body 5a is kinemat- 
ically connected with a driving element preceding the 
main adjusting element 5 in the transmission sequence. 
In other words, the main drive body 5a simultaneously 
meshes with two gearwheels in the transmission se- 
quence according to modalities to be described in more 
detail in the following. 

[0039] It is to be noted that the two driving elements 
with which the main drive body 5a is connected can be, 
consistently with the above description, either the initial 
element 2 and an intermediate element 3, or two inter- 
mediate elements 3, or even an intermediate element 3 
and the final element 4; in other words, the main drive 
body 5a which is essentially a gearwheel, receives mo- 
tion from a gear preceding it along the transmission se- 
quence and transmits motion to the gear following it 
(along the same sequence). 

[0040] Operatively connected with the main drive 
body 5a is a primary synchronizing member 5b; this pri- 
mary synchronizing member 5b is active on the main 
drive body 5a to eliminate a possible phase displace- 
ment of the latter with respect to the preceding driving 
element in the transmission sequence (which may be, 
depending on circumstances, the initial element 2 orthe 
intermediate element 3). 

[0041] Advantageously, the main adjusting element 5 
further comprises a secondary synchronizing member 
5c which is operatively connected with the main drive 
body 5a as well but, unlike the primary synchronizing 
member 5b, is active on the driving element in the trans- 
mission sequence (which may be, according to circum- 
stances, an intermediate element 3 or the final element 
4) following the main adjusting element to eliminate a 
phase displacement between the primary drive body 5a 
and the following driving element itself. 
[0042] The main adjusting element 5 further compris- 
es synchronization recovering means 5d which can be 
formally divided into two operating groups: as a matter 
of fact, there is the presence of synchronization recov- 
ering means 5d interposed between the main drive body 
5a and the primary synchronizing member 5b (and ob- 
viously operatively active on the above two components 
to keep them in a given mutual timed relationship) and, 
in addition to it, there is the presence of synchronization 
recovering means 5d interposed between the main drive 
body 5a and the secondary synchronizing member 5c 
(and obviously operatively active on the above two com- 
ponents) to keep them in a given mutual timed relation- 
ship. 

[0043] The function of the synchronization recovering 
means 5d is exactly that of eliminating any possible 
phase displacement between the gearwheels of the 
chain; in fact, each time a backlash is generated (due 
to thermal deformations, vibration, mechanical wear or 
others) between the main drive body 5a and at least one 



of the two gearwheels meshing therewith, the predeter- 
mined timed relationship established between the main 
drive body 5a and the last-mentioned gearwheels 
moves from its nominal value (that can be zero or a giv- 
5 en angle depending on the preload imparted to means 
5d, for example). 

[0044] Consequently, the synchronization recovering 
means automatically exerts a mechanical action on the 
main drive body 5a, suitably addressed to bring the gear 

10 teeth back to the correct meshing conditions; in this way, 
a correct valve lift is efficiently maintained. 
[0045] It should be pointed out that operation of the 
main adjusting element 5 enables possible phase-dis- 
placement advances or retardations to be efficiently 

'5 counteracted, by virtue of the simultaneous presence of 
the primary 5b and secondary 5c synchronizing mem- 
bers, but above all by virtue of the fact that these two 
members, by operating simultaneously, are capable of 
influencing each other, and ultimately keeping synchro- 

20 nization of device 1 tightly close to the technical speci- 
fications. 

[0046] As to the synchronization recovering means 
5d, it mainly comprises a given number of primary spring 
bodies 7 (shown in Fig. 1 ), preferably consisting of hel- 
25 jcal springs or at all events spring bodies capable of ex- 
erting a force directed tangentially of the rotation direc- 
tion of the gearwheels on which they are mounted; in 
accordance with the present invention, the primary 
spring bodies 7 are operatively active between the main 
30 drive body 5a and the primary synchronizing member 
5b. 

[0047] In addition, the synchronization recovering 
means 5d further comprises a given number of second- 
ary spring bodies 8 (not shown in Fig. 1 ), which aresub- 
35 stantially identical with the primary spring bodies 7; the 
secondary spring bodies 8 are operatively active be- 
tween the main drive body 5a and the secondary syn- 
chronizing member 5c. 

[0048] The main drive body 5a is essentially made up 
40 of an active portion 9 which substantially has a circular 
shape and two mutually opposite faces 9a, 9b. Conven- 
iently, the active portion 9 externally has, close to its 
edge, a plurality of meshing teeth 1 0 obviously intended 
to transmit motion from one gear to the other. 
45 [0049] Still with reference to Fig. 1 , a fitting portion 11 
is provided at the centre of the active portion 9 and it 
has a through cavity 12 intended to be (at least partly) 
passed through by a rotation pin which typically will be 
mounted in appropriate seatings formed in the cases 
50 usually surrounding device 1 . 

[0050] For the purpose of housing the primary spring 
bodies 7, the main drive body 5a has a plurality of pri- 
mary holding seatings 13 which are formed in the first 
face 9a (they can even be through cavities crossing the 
55 active portion 9, if gears of particularly reduced thick- 
ness are concerned) of the active portion 9; suitably, the 
secondary spring bodies 8 are housed in a plurality of 
secondary holding seatings 14 formed in the second 
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face 9b of the active portion 9. 
[0051] Advantageously, in order to minimize busi- 
ness without on the other hand impair the structural in- 
tegrity of the gears, the primary holding seatings 13 and 
secondary holding seatings 14 are radially disposed on 
the active portion 9 following a given angular distribution 
(typically, they are spaced apart from each other the 
same angular distance relative to the gear centre and 
are disposed at a constant radial distance from the cen- 
tre itself). 

[0052] In particular, the primary holding seatings 13 
and secondary holding seatings 14 are disposed on op- 
posite faces of the active portion 9; it is to be noted that 
there is such a succession of primary and secondary 
holding seatings 13, 14 that they are offset by a given 
angle selected depending on current technical require- 
ments. 

[0053] As regards the primary synchronizing member 
5b, still with reference to Fig. 1 . it first of all comprises 
a primary disc-shaped body 1 5 pivotally mounted on the 
fitting portion 11 ; this primary disc-shaped body 15 has 
an outerface 1 6 and an innerface 1 7 which are mutually 
opposite and a plurality of primary adjusting teeth 18 
(close to the body edge). The inner face 1 6 is conven- 
iently such disposed that it adjoins the first face 9a of 
the active portion 9 under operating conditions. 
[0054] Also present is a plurality of primary housing 
recesses 1 8 formed in the primary disc-shaped body 1 5 
and intended to house (in cooperation with the primary 
holdingseatings 1 3) the primary spring bodies 7; advan- 
tageously, the primary housing recesses 1 8 substantial- 
ly match with the primary holding seatings 13 under op- 
erating conditions, so as to enable a correct operation 
of the spring bodies which must exert their mechanical 
actions on the main drive body 5a and the primary syn- 
chronizing member 5b. 

[0055] Likewise, the secondary synchronizing mem- 
ber 5c has a structure substantially similar to that of the 
primary synchronizing member 5b, and it exactly com- 
prises a secondary disc-shaped body 19 (pivotally 
mounted on the fitting portion 11); this secondary disc- 
shaped body 19 has an outer face 20 opposite to an 
inner face 21 (adjoining the second face 9b of the active 
portion 9 under operating conditions), a plurality of sec- 
ondary adjusting teeth 22 close to the body edge and 
finally a plurality of secondary housing recesses 23. 
[0056] The secondary housing recesses 23 are 
formed in the secondary disc-shaped body 19 and 
house the secondary spring bodies 8 substantially fol- 
lowing the same modalities as described with reference 
to the primary housing recesses 18 (therefore the sec- 
ondary housing recesses 23 substantially match with 
the secondary holding seatings 14 under operating con- 
ditions). 

[0057] Advantageously, the main adjusting element 5 
further comprises holding means connected with the 
main drive body 5a to keep it in contact with the primary 
synchronizing member 5b and the secondary synchro- 



nizing member 5c under operating conditions. 
[0058] In particular, as viewed from Fig. 1 , the holding 
means comprises a primary annular body 23a opera- 
tive^ active on the outer face 16 of the primary disc- 

5 shaped body 15 to keep it close to the first face 9a of 
the active portion 9 and a secondary annular body 23b 
operatively active on the outerface 20 of the secondary 
disc-shaped body 1 9 to keep it close to the second face 
9b of the active portion 9. 

10 [0059] In accordance with the present invention, the 
holding means further comprises a primary pusher ele- 
ment 24 which is operatively active on the primary an- 
nular body 23a to keep it substantially close to the pri- 
mary disc-shaped body 1 5, and a secondary pusher el- 
's ement 25 which is operatively active on the secondary 
annular body 23b to keep it substantially close to the 
secondary disc-shaped body 1 9. Conveniently, for sim- 
plicity of construction and reliability in operation, the pri- 
mary pusher element 24 and secondary pusher element 

20 25 are Seger rings. 

[0060] Where several intermediate driving elements 
3 are present in the transmission sequence, the device 
1 can advantageously have a given number of auxiliary 
adjusting elements 6, each of which is disposed along 

25 the transmission sequence so as to be operatively ac- 
tive on one driving element (which can indifferently be 
any element, either the initial driving element 2 or an- 
other intermediate driving element 3) suitably disposed 
along the transmission sequence, to keep it in timed re- 

30 lationship. 

[0061] In more detail, each of the auxiliary adjusting 
elements 6 first comprises a driving gearwheel 6a which 
is disposed in meshing relationship at least with one pre- 
ceding or following (initial 2, intermediate 3 or final 4) 

35 driving element in the transmission sequence; also 
present is an adjusting gearwheel 6b, connected with 
the driving gearwheel 6a and operatively active thereon 
to eliminate a phase displacement of same with respect 
to the preceding driving element in the transmission se- 

40 quence. 

[0062] The auxiliary adjusting elements 6, like the 
main adjusting element 5, have auxiliary synchroniza- 
tion recovering means 6c preferably consisting of helical 
springs mounted in the auxiliary adjusting elements 6 

45 substantially in the same manner as the synch ron ization 
recovering means 5d; in particular, the auxiliary syn- 
chronization recovering means 6c is disposed on the 
driving gearwheel 6a and the adjusting gearwheel 6b 
and obviously said means is operatively active between 

50 these two components. 

[0063] It is to be noted that the auxiliary adjusting el- 
ements 6 perform their function of maintaining synchro- 
nization only on a gear of the transmission sequence 
and their presence is made necessary if the device 1 

55 has a number of gears higher than tree. 

[0064] In accordance with the present invention (and 
also with reference to Fig. 4), any element of the inter- 
mediate driving elements 3 may further comprise a 
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meshing expansion 3a; this meshing expansion 3a is 
rigid with the main drive body 5a or the driving gear- 
wheel 6a and is intended to be disposed in meshing re- 
lationship with a preceding or following (initial, interme- 
diate or final) driving element, 2, 3 or 4 respectively, in 
the transmission sequence. The presence of the mesh- 
ing expansion 3a is essentially due to space reasons or 
to the necessity to set an appropriate gear ratio between 
two gearwheels of the gear cascade. 
[0065] The invention achieves important advantages. 
[0066] First of all, due to the presence of two adjusting 
elements on a single wheel, an important simplification 
in the general architecture of the kinematic mechanism 
of the gear chain is allowed, since the overall number of 
gears is reduced as compared with known solutions and 
since this gear reduction does not impair maintenance 
of synchronization for each meshing between two gear- 
wheels. 

[0067] In addition, adoption of a dual adjustment 
leads to a greater efficiency in the kinematic mechanism 
of the driving system, which on the other hand lasts in 
time even under very supercharged use conditions (in 
other words, even in case of important thermal defor- 
mations at the gears, or wear and/or bending of the 
wheel teeth following important mechanical stresses); 
this constitutes an advantage in terms of prolonged ef- 
ficiency of the engine, above all when used for compet- 
itive purposes. 

[0068] In combination with this characteristic, the 
present invention enables the overall dimensions to be 
reduced above all at the gears fitted on the camshafts, 
that in known solutions generally have an adjusting 
wheel (and therefore are very bulky), whereas in the 
present invention they are mere gearwheels, so that 
their radius can be reduced, for the benefit of a better 
balancing of the rotating masses and compactness of 
the cylinder head, which will bring about achievement 
of higher rotation speeds. 

[0069] Another advantage of the present invention re- 
sides in that the synchronizing action performed by the 
dual-adjustment wheel also appears in the operating 
conditions of the engine when the equilibrium tempera- 
ture has not been reached yet; as a result, a better effi- 
ciency of the "cold" engine is obtained (due to mainte- 
nance of an optimal timing) and at the same time an im- 
portant reduction in the mechanical noise. 
[0070] It is also to be noted that compactness and 
construction simplicity of the gear cascade of the driving 
system in accordance with the present invention ena- 
bles use of particularly simple and compact engine cas- 
es, which will bring about a reduction in the sizes of the 
whole engine and therefore in the weight and agility of 
the motor-vehicle on which the engine is mounted. 
[0071] In conclusion, the simpler gear cascade, the 
reduction in the overall sizes and greater efficiency un- 
der operating conditions favourably affect the reliability 
and servicing of the driving system itself (and, as a re- 
sult, the engine on which this driving system is mount- 



ed), since the more reduced causes of wear and the abil- 
ity to keep timing unchanged in time make intervals be- 
tween interventions for mechanical maintenance more 
spaced out. 



Claims 

1. A transmission device, preferably for actuating 
10 members of intake and/or exhaust valves in internal 

combustion engines, comprising: 

at least one initial driving element (2), prefera- 
bly connectable with a mechanical power 

'5 source (2a); 

a predetermined number of intermediate driv- 
ing elements (3) mutually interconnected in a 
preestablished transmission sequence starting 
from said initial driving element (2); and 

20 - a final driving element (4) operatively connect- 
ed with at least one intermediate driving ele- 
ment (3), which final driving element (4) can be 
preferably interlocked with valve actuation 
means (4a); 

25 

characterized in that said predetermined number 
of intermediate driving elements (3) further com- 
prises at least one main adjusting element (5) kin- 
ematically interposed between, and either directly 
30 or indirectly simultaneously active on, the initial driv- 
ing element (2) and the final driving element (4), to 
keep them in mutual timed relationship. 

2. A device as claimed in claim 1 , characterized in 

35 that the main adjusting element (5) is directly con- 
nected to the initial driving element (2). 

3. A device as claimed in claim 1 , characterized in 
thatthe main adjusting element (5) is indirectly con- 

40 nected to the initial driving element (2) through at 
least one intermediate driving element (3) preced- 
ing it in the transmission sequence. 

4. A device as claimed in anyone of the preceding 
45 claims, characterized in thatthe main adjusting el- 
ement (5) is directly connected to the final driving 
element (4). 

5. A device as claimed in anyone of the preceding 
50 claims 1 to 3, characterized in that the main ad- 
justing element (5) is indirectly connected to the fi- 
nal driving element (4) through at least one interme- 
diate driving element (3) following it in the transmis- 
sion sequence. 

55 

6. A device as claimed in anyone of the preceding 
claims, characterized in that the initial driving ele- 
ment (2) and/or the final driving element (4) and/or 
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the predetermined number of intermediate driving 
elements (3) comprise a predetermined number of 
gearwheels, said gearwheels being disposed in 
meshing relationship in accordance with said trans- 
mission sequence, starting from the initial driving el- 5 
ement (2) through the intermediate driving ele- 
ments (3) and ending with the final driving element 
(4). 

7. A device as claimed in anyone of the preceding 10 
claims, characterized in that said main adjusting 
element (5) comprises: 

a main drive body (5a), kinematically connect- 
ed with a driving element following the main ad- '5 
justing element (5) in the transmission se- 
quence and connected with a driving element 
preceding the main adjusting element (5) in the 
transmission sequence; 

a primary synchronizing member (5b) opera- 20 
tively connected with the main drive body (5a), 
said primary synchronizing member (5b) being 
active on the main drive body (5a) to eliminate 
a phase displacement of same with respect to 
the driving element (2; 3) preceding it in the 25 
transmission sequence; 
a secondary synchronizing member (5c) oper- 
atively connected with the main drive body (5a), 
said secondary synchronizing member (5c) be- 
ing active on the main drive body (5a) to elimi- 30 
nate a phase displacement of same with re- 
spect to the driving element (3; 4) following it in 
the transmission sequence; and 
synchronization recovering means (5d) opera- 
tively active on. and interposed both between 35 
the main drive body (5a) and the primary syn- 
chronizing member (5b), and between the main 
drive body (5a) and the secondary synchroniz- 
ing member (5c) to keep them in a predeter- 
mined timed relationship. 40 

8. A device as claimed in claim 7, characterized in 

that said synchronization recovering means (5d) 
comprises: 

45 

a predetermined number of primary spring bod- 
ies (7), preferably helical springs, operatively 
active between the main drive body (5a) and 
the primary synchronizing member (5b); and 
a predetermined number of secondary spring 50 
bodies (8), preferably helical springs, opera- 
tively active between the main drive body (5a) 
and the secondary synchronizing member (5c). 

9. A device as claimed in claims 7 and 8, charac- 55 
terized in that the main drive body (5a) comprises: 

an active portion (9) substantially of circular 



shape and having a first face (9a) and a second 
face (9b) opposite to said first face (9a), said 
active portion (9) externally having a plurality of 
meshing teeth (10); 

a fitting portion (11) disposed at the centre of 
the active portion (9) and having a through cav- 
ity (12) intended to be at least partly crossed by 
a rotation pin; 

a plurality of primary holding seatings (13) 
formed at least on the first face (9a) of the active 
portion (9) to house the primary spring bodies 
(7); and 

a plurality of secondary holding seatings (14) 
formed at least on the second face (9b) of the 
active portion (9) to house the secondary spring 
bodies (8). 

10. A device as claimed in claim 9, characterized 
in thatthe primary holding seatings (13) and/or sec- 
ondary holding seatings (14) are radially disposed 
on the active portion (9) in a predetermined angular 
arrangement, preferably spaced apart the same 
distance from each other. 

1 1 . A device as claimed in claim 10, characterized 
in that the primary holding seatings (13) and sec- 
ondary holding seatings (14) are disposed on op- 
posite faces of the active portion (9), being prefer- 
ably offset by a predetermined angle. 

1 2. A device as claimed in anyone of claims 7 to 1 1 , 
characterized in that the primary synchronizing 
member (5b) comprises: 

a primary disc-shaped body (15) pivotally 
mounted on the fitting portion (11), having an 
outerface (1 6) and an innerface (1 7) and a plu- 
rality of primary adjusting teeth (1 8) close to the 
body edge, the innerface (1 6) adjoining the first 
face (9a) of the active portion (8) under operat- 
ing conditions; 

a plurality of housing recesses (18) formed in 
the primary disc-shaped body (15) and intend- 
ed to house the primary spring bodies (7), said 
housing recesses (18) substantially matching 
with the primary holding seatings (13) under op- 
erating conditions. 

13. A device as claimed in anyone of claims 8 to 12, 
characterized in thatthe secondary synchronizing 
member (5c) comprises: 

a secondary disc-shaped body (19) pivotally 
mounted on the fitting portion (11), having an 
outerface (20) and an innerface (21) and a plu- 
rality of secondary adjusting teeth (22) close to 
the body edge, the innerface (20) adjoining the 
second face (9b) of the active portion (9) under 
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operating conditions; 

a plurality of secondary housing recesses (23) 
formed in the secondary disc-shaped body (19) 
and intended to house the secondary spring 
bodies (8), said secondary housing recesses 5 
(23) substantially matching with the secondary 
holding seatings (14) under operating condi- 
tions. 

14. A device as claimed in anyone of the preceding 10 
claims 8 to 13, characterized in that the main ad- 
justing element (5) further comprises holding 
means at least connected with the main driving el- 
ementto keep it in contact with the primary synchro- 
nizing member (5b) and the secondary synchroniz- '5 
ing member (5c) under operating conditions. 

1 5. A device as claimed in claim 1 4, characterized 
in that the holding means comprises a primary an- 
nular body (23a) operatively active on the outerface 20 
(16) of the primary disc-shaped body (15) to keep 

it close to the first face (9a) of the active portion (9). 

1 7. A device as claimed in claim 1 4, characterized 

in that the holding means (23) comprises a second- 25 
ary annular body (23b) operatively active on the out- 
erface (20) of the secondary disc-shaped body (19) 
to keep it close to the second face (9b) of the active 
portion (9). 

30 

18. A device as claimed in anyone of the preceding 
claims 14 to 17, characterized in that the holding 
means (23) further comprises: 

a primary pusher element (24) operatively ac- 35 
tive on the primary annular body (23a) to sub- 
stantially keep it close to the primary disc- 
shaped body (15); and 

a secondary pusher element (25) operatively 
active on the secondary annular body (23b) to 40 
keep it substantially close to the secondary 
disc-shaped body (19). 

1 9. A device as claimed in claim 1 8, characterized 

in that the primary pusher element (24) and/or the 45 
secondary pusher element (25) are Seger rings. 

20. A device as claimed in anyone of the preceding 
claims, characterized in that the intermediate driv- 
ing elements (3) comprise a predetermined number 50 
of auxiliary adjusting elements (6) each of said aux- 
iliary adjusting elements (6) being operatively active 

on a driving element (2) or (3) or (4) preceding or 
following it along said transmission sequence, in or- 
der to keep it in timed relationship. 55 

21 . A device as claimed in claim 20, characterized 
in that the auxiliary adjusting elements (6) com- 



prise: 

a driving gearwheel (6a) disposed in meshing 
relationship at least with one driving element 
(2), or (3) or (4) preceding or following it in the 
transmission sequence; 
an adjusting gearwheel (6b) connected with 
said driving gearwheel (6a) and operatively ac- 
tive thereon to eliminate a phase displacement 
of same with respect to the driving element (2) 
or (3) or (4) preceding it in the transmission se- 
quence; and 

auxiliary synchronization recovering means 
(6c), preferably helical springs, disposed be- 
tween, and operatively active on, the driving 
gearwheel (6a) and the adjusting gearwheel 
(6b). 

22. A device as claimed in anyone of the preceding 
claims, characterized in that any element of the 
intermediate driving elements (3) further comprises 
a meshing expansion (3a) rigid with the main drive 
body (5a) or the driving gearwheel (6a) and intend- 
ed to be disposed in meshing relationship with a 
driving element (2) and/or (3) and/or (4) preceding 
it or following it in the transmission sequence. 
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